During the Halloween Storm period (October-November 2003), a new Van Allen belt electron 11 population was powerfully accelerated. The inner belt of electrons formed in this process de-12 cayed over a period of days to years. We have examined quantitatively the decay rates for elec-13 trons seen in the region of 1.5 ≤ L ≤ 2.5 using SAMPEX satellite observations. At L=1.5 the e-14 folding lifetime for 2-6 MeV electrons was τ~180 days. On the other hand, for the half-dozen 15 distinct acceleration (or enhancement) events seen during late-2003 through 2005 at L~2.0, the 16 lifetimes ranged from τ~8 days to τ~35 days. We compare these loss rates to those expected from 17 prior studies. We find that lifetimes at L=2.0 are much shorter than the average 100-200 days 18 that present theoretical estimates would suggest for the overall L=2 electron population. Addi-19 tional wave-particle interaction aspects must be included in theoretical treatments and we de-20 scribe such possibilities here. 21
Introduction 23
Radiation belt electron loss processes are relatively poorly understood. It is clear that adia-24 batic changes resulting from the gradual buildup of the ring current (Kim and Chan, 1997), as 25 well as magnetopause shadowing of closed electron drift paths (Wilken et al., 1986 ; Shprits et 26 al., 2006a), are insufficient to account for the observed losses throughout most of the trapping 27 region. Currently, the most promising mechanism for MeV electron loss is VLF wave scattering 28 relatively low L-values where the IGRF approximation is quite good. 75
In order to place SAMPEX particle measurements into context, we have also used upstream 76 solar wind data from the Advanced Composition Explorer (ACE) spacecraft and ground-based 77 geomagnetic information (such as Kp and Dst). These data show that the events analyzed here 78 are associated with significant geomagnetic storms. However, the principal point is specifically 79 to examine inner zone and radiation belt slot region enhancements in their own right, irrespective 80 of ring current, solar wind, or other geomagnetic variations. 81
It is recognized that low-altitude measurements of electron fluxes may be subject to some 82 ambiguity in timing as compared to measurements near the magnetic equator. However, the "re-83 markable coherence" seen between near-equatorial platforms and the low-altitude SAMPEX 84 measurements (e.g., Kanekal et al., 2001 ) suggests that this is not generally a severe problem. 85
We therefore start with the assumption that the lifetimes derived from SAMPEX data are indica-86 tive of the inner zone and slot-region relativistic electron populations as a whole. recognized fact that solar wind speeds above this level almost always "drive" relativistic electron 93 production throughout the outer radiation zone (e.g., Baker et al., 1998) . V sw was, on average, 94 ≤ DOY ≤ 410. This fit gives τ=18.6 days. Note that from DOY~410 to DOY~560, the decay rate 136 was slower with a decay lifetime in excess of 30 days. Thus, the apparent electron lifetimes de-137 pend on the length of interval chosen for analysis. We have typically examined periods of ~100 138 day duration. 139 Fig. 3c . For this event we find a much more gradual 144 decay. For the interval 970 ≤ DOY ≤ 1090, we find τ =26.5 days. 145 Table 1 shows the six intervals analyzed and the e-folding times for each interval at L=2.0. 146
As noted previously, for L=1.5 a steady value of τ~180d describes the decay throughout the en-147 tire period of time, aside from small bump-ups of flux associated with the major storms. On av-148 erage for L=2.0, we find a decay rate for all events to be < τ >=20.2d ± 8.7. This is short com-149 pared to previous theoretical estimates (e.g., Abel and Thorne, 1998). 150 151
Summary and Discussion 152
To summarize our key findings we note that: 153 The specifications of electron decay lifetimes are complicated due to the fact that there are 165 several competing wave-particle interaction mechanisms that can be operative. Inside the plas-166 masphere, losses are mostly due to scattering caused by plasmaspheric hiss waves, by magneto-167
spherically-reflecting (MR) whistler waves, and by coulomb collisions (Abel and Thorne, 1998). 168
Such loss had previously been estimated to lead to characteristic lifetimes of ~100 days at E~1.5 169
MeV energies. There were expected to be strong L-and energy-dependences. The Abel and 170
Thorne (1998) calculations included the effects of losses due to VLF transmitters as well as hiss, 171
MR whistlers, and Coulomb collisions The assumptions made concerning VLF transmitters 172
could be a source of discrepancy between observations and models. one goes to lower L inside the plasmapause (e.g., from 4 to 2). Thus, the EMIC waves will tend 180 to resonate with higher energy electrons, which probably become too high for the energies we 181 observe here. Since these waves are generated by anisotropic proton distributions associated with 182 the ring current, and the ring current does not usually penetrate to L=2, it is unclear how they can 183 be generated near L=2. 184 quantitatively assessed loss lifetimes for L~1.5-2.0. Under most circumstances (other than, say, 186 the period right after the Halloween Storm), the L-values examined here would be well within 187 the plasmasphere. Thus, we would expect the hiss lifetimes to be the applicable ones. 188
As noted in Section 2 above, we believe that our determination of L-value for SAMPEX data 189 sorting is relatively accurate. Thus, this should provide a solid basis for theoretical comparison. 190
We know that the chosen energy channel responds to a broad range of electrons and there could 191 be some ambiguity in this matter. However, from our analyses (not shown here) we find the en-192 ergy spectra around L=2.0 to be strongly falling (J=KE -γ , with γ~ 2.5). Thus, the data we have 193 electrons at larger equatorial pitch angles into the loss come. At L=2 and at 600 km, a 90° pitch 209 angle particle at SAMPEX corresponds to approximately an 18° particle at the equator in a di-210 pole field. In a careful analysis motivated by the present observations, we find that the pitch an-211 gle diffusion rates for 2 MeV electrons at L=2 due to plasmaspheric hiss show a deep minimum 212 for pitch angles greater than 65°. This means that electrons at larger equatorial pitch angles take 213 much longer to diffuse into the loss cone. This analysis also provides the decay rate of the elec-214 tron distribution function at the same energy. The initial condition assumed for the modeling is a 215 flat pitch angle distribution. The distribution function decays more quickly at small pitch angles 216 than at 90°, as expected. The timescales for loss at 18° equatorial pitch angle, corresponding to 217 that which would be observed by SAMPEX, is 23 days, whereas the timescale for the whole dis-218 tribution to decay is 284 days (Meredith et al., 2007) , assuming quiet magnetic activity (as repre-219 sented by AE* <100 nT). Thus there is good agreement with the observations presented here for 220 the particles at pitch angles measured by SAMPEX. At higher L shells (L=2.5 and larger) there is 221 no deep minimum in the diffusion rates in the model. This would explain why we tend to get 222 such a high degree of global coherence at higher L values (Kanekal et al., 2001) . 223
In a paper in preparation, we pursue the issues raised here and we make more detailed com-224 parisons between observations and theoretical models. This continuing work should help further 225 clarify electron lifetime expectations in this key region of the inner magnetosphere. 
